One of the earliest events in atherosclerosis is interaction of circulating mononuclear leukocytes and the endothelium. Endothelial cell (EC) activation by cytokines results in expression of adhesion molecules and production of chemotactic factors, augmenting leukocyte adhesion and recruitment, respectively. The incidence of atherosclerosis in premenopausal women is significantly less than that observed in age-matched males with similar risk profiles. Because estrogen has gene regulatory effects, we investigated whether 17 ␤ -estradiol (E 2 ) can inhibit cytokine-mediated EC adhesion molecule transcriptional activation. Cultured human umbilical vein EC (estrogen receptor-positive) were propagated in gonadal hormone-free medium and were E 2 -pretreated for 48 h before IL-1 activation. Detected by FACS ® analysis, E 2 strongly (60-80%) inhibited IL-1-mediated membrane E-selectin and vascular cell adhesion molecule-1 induction, and intercellular adhesion molecule-1 hyperinduction. 17 ␣ -estradiol (an inactive E 2 stereoisomer) had no effect. This inhibition correlated with similar reductions in steady state-induced E-selectin mRNA levels, and was abrogated by the E 2 antagonist ICI 164,384, demonstrating a specific, estrogen receptor-mediated effect. Nuclear runoffs confirmed suppression at the transcriptional level. The implications of these results for the cardiovascular protective role of estrogen are discussed. ( J. Clin. Invest. 1996. 98: 36-42.)
Introduction
Atherosclerosis bears several histopathologic similarities to chronic inflammation. In animal models and humans, a recognizable early atherosclerotic lesion involves an inflammatory process consisting of intimal T lymphocytes and lipid-laden macrophages, also known as the fatty streak. Beyond barrier function, the endothelium is a dynamically regulated tissue which actively contributes to the development of local vascular immune and inflammatory responses. Intercellular adhesion between circulatory leukocytes and vascular endothelial cells (EC) 1 constitutes the initial trigger for many of these responses (1) . These interactions are mediated by an array of leukocyte adhesion receptors and their respective EC counterreceptors, many of which are cytokine inducible (2) . In the cholesterolfed, Watanabe-heritable hyperlipidemic rabbit model of atherosclerosis, it has been reported that an induced EC adhesion molecule, vascular cell adhesion molecule-1 (VCAM-1), is expressed in a localized fashion by aortic EC overlying very early atherosclerotic lesions (3) . These areas of EC activation are associated with the presence of subendothelial macrophages that presumably adhere to and transmigrate the endothelium (4).
The incidence of coronary atherosclerosis in premenopausal women is half that observed in age-matched males (5) . In contrast, postmenopausal women are not "protected," although estrogen replacement can reproduce those differences in cardiovascular disease seen in the premenopausal age group (6) . This apparent protective effect of estrogen on the vascular wall is poorly understood. Estrogen affects cholesterol metabolism and deposition, generally inhibiting atherosclerotic plaque formation. However, the magnitude of the lipid changes cannot fully account for the observed cardiovascular protective effects (7) . Estrogen studies in animal models have demonstrated inhibition of platelet aggregation (8) , diminished lipoprotein-induced arterial smooth muscle cell proliferation (9) , inhibition of myointimal proliferation associated with mechanical injury or stress (10) , decreased foam cell formation (11) , and increased arterial smooth muscle prostacyclin production (12). The significance of these effects in human atherosclerosis is not known.
We have been interested in cytokine-mediated endothelial activation, as it relates to leukocyte adhesion. Because estrogen has important gene regulatory effects (13) (14) (15) and because cytokine-induced expression of endothelial cell adhesion molecules (CAMs) requires transcriptional activation (16) (17) (18) , we used a gonadal hormone-free EC culture medium to address whether 17 ␤ -estradiol (E 2 ) has detectable effects on IL-1-mediated induction of human EC E-selectin, intercellular adhesion molecule-1 (ICAM-1), and VCAM-1. We demonstrate that in estrogen receptor (ER)-positive EC, pretreatment with E 2 dramatically reduces surface expression and mRNA levels of endothelial CAMs. Nuclear run-offs confirm that this estrogen effect is mediated at the transcriptional level. We discuss the possible molecular mechanisms and implications in atherogenesis.
Methods
Materials. 17 ␤ -estradiol, 17 ␣ -estradiol, and gelding horse serum (GHS) were purchased from Sigma Chemical Co. (St. Louis, MO). Human recombinant interferon-␥ was obtained from Collaborative Biochemical Products (Bedford, MA). Human recombinant IL-1 ␤ was generously provided by S. Gillis (Immunex, Seattle, WA). The antiestrogen ICI 164,384 was a kind gift from A.E. Wakeling (ZE-NECA Pharmaceuticals, Macclesfield, United Kingdom). Monoclonal antibodies (mAbs) H4/18 (anti-E-selectin), E1/6 (anti-VCAM-1), RR1.1 (anti-ICAM-1), and CA141 (anti-HLA-DR) were generous gifts of J. Pober (Yale University), M. Bevilacqua (University of California, San Diego), T. Springer (Harvard University), and E. Engleman (Stanford University), respectively.
Cell culture. Human umbilical vein endothelial cells (HUVEC) were isolated from female donor umbilical veins as previously described (19) . HUVEC were serially passaged on gelatin-coated flasks in phenol red-free DME (Gibco Laboratories, Grand Island, NY) containing 15% heat-inactivated GHS and supplemented with penicillin (100 g/ml), streptomycin (100 g/ml), l -glutamine (2 mM), porcine heparin (100 g/ml), and endothelial cell growth factor (ECGS 50 g/ml). For some experiments, cells were propagated in 15% FBS rather than GHS. Cells were used within six passages and were identified as endothelial by their characteristic cobblestone morphology and presence of Factor VIII antigen. Complete medium was replaced with heparin-and ECGS-free medium 48 h before experiments. Unless otherwise specified, E 2 pretreatment was performed as a single dose 48 h before cell activation. Ishikawa human endometrial adenocarcinoma cells, known to contain a high level of ER, and HeLa cells derived from human cervical carcinoma that do not express the ER, were maintained in the DME/GHS media.
Northern blot analysis. Total RNA was prepared from cells by extraction with TRISOLV™ (Biotecx Laboratories, Houston, TX) according to the method of Chomczynski and Sacchi (20) . RNA (20 g/lane) was fractionated on an 0.8% agarose gel containing 0.4 M formaldehyde, transferred onto nylon membrane filters (Hybond-N; Amersham, Arlington Heights, IL), and hybridized overnight at 42 Њ C with random primed [ ␣ -32 P]dCTP-labeled probes by standard methods (21) . Membranes were washed twice in SSC, 0.1% SDS ϫ 15 min at room temperature, once in 2 ϫ SSC, 0.1% SDS ϫ 30 min at 50 Њ C, and in 0.1 ϫ SSC, 0.1% SDS ϫ 30 min at 65 Њ C. Signals were visualized by autoradiography and densitometric analysis was performed on an Image Quant densitometric scanner (Molecular Dynamics, Sunnyvale, CA). The cDNA probes used were: ELAM/pi3HM (a gift of M. Bevilacqua, University of California, San Diego), human p35ER (gift from Dr. Geoffrey Green, University of Chicago, Chicago, IL), and a 1.0-kb fragment of human GAPDH (Clontech Laboratories, Inc., Palo Alto, CA). Probes were labeled with [ ␣ - cpm/mg) using a random-primed DNA labeling kit (United States Biochemicals Corp., Cleveland, OH). Steady state E-selectin mRNA levels were quantified after normalization to GAPDH (which was not significantly affected by cytokine or E 2 treatments). To generate means and standard errors between experiments results within each experiment were expressed as percentage of IL-1-induced E-selectin mRNA, as absolute cpm varied between experiments.
Nuclear run-off. HUVECs were incubated with or without E 2 for 48 h. Cells were then treated with IL-1 (20 U/ml ϫ 1.5 h) or medium control, and nuclei isolated from 2 ϫ 10 7 cells per sample with lysis buffer containing 0.05% NP-40, 10 mM Tris-HCl, pH 7.4, 10 mM NaCl, 3 mM MgCl 2 at 4 Њ C. Nuclei were counted and an equivalent number was used for each experimental condition. The run-off was performed in buffer containing [ ␣ -32 P]UTP (3,000 Ci/mmol) and 4 mM rCTP, rATP, rGTP at 26 Њ C for 30 min. The labeled nuclear RNA was isolated and hybridized overnight on nitrocellulose filters containing 2 g of linearized, denatured ELAM/pi3HM, CD1.8 (ICAM-1/CDM8, a gift of T. Springer), VCAM-1E11/CDM8 (a gift of L. Osborn, Biogen, Cambridge, MA), ␣ -actin/pBR322, or pBluescript DNA. The filters were washed and autoradiography was performed. Signals were quantified with an Image Quant densitometric scanner and normalized to ␥ -actin signals (not significantly affected by cytokine or E 2 treatments).
Flow cytometry. Immunofluorescent staining was performed using unconjugated murine mAbs followed by a secondary polyclonal goat anti-mouse IgG-FITC as previously described (22) . Cytofluorographic analysis was performed on a FACSort ® (Becton Dickinson, San Jose, CA), using Lysis II software. 5,000 events were analyzed per experimental sample. Fluorescence units (FU) ϭ (mean channel fluorescence[MCF] positive Ϫ MCF background ) ϫ percentage positive. Percent inhibition was calculated as follows:
Adhesion assays. EC were grown to confluence in 96-well microtiter plates. PBMC were labeled with 5 Ci Na 2 CrO 4 (New England Nuclear, Wilmington, DE)/10 6 cells; 10 5 cells, approximately a five leukocyte to one EC ratio, were added per well and incubated for 90 min at 37 Њ C. Each well was then washed four times, the remaining cells were lysed, and the lysate was counted in a gamma counter (5500B; Beckman Instruments, Inc., Fullerton, CA). The cpm were compared with maximum cpm from 10 5 labeled cells, and percent adherence was calculated as previously described (23) . Samples were performed in triplicate.
Results
The detection of ERs on blood vessels has been variable, dependent upon the vascular bed and technique used. To ascertain that HUVEC could be utilized for estrogen studies, the presence of ERs was evaluated at the mRNA and protein level. By Northern analysis, HeLa cells were ER negative (Fig.  1 , lane 1 ) as previously described (24) . Surprisingly, mRNA harvested from HUVEC propagated in gonadal hormone-free medium also failed to hybridize with the ER probe. HUVEC pretreated with E 2 for 3 and 24 h were also apparently ERnegative (Fig. 1, lanes 2 and 3 , respectively) . After 48 h of E 2 pretreatment (Fig. 1, lane 4 ) , an mRNA signal comparable with that detected in the ER-positive Ishikawa cell line (Fig. 1 Glaser, T., W. Sessa, and J.R. Bender, unpublished observation), and the induction of ER message by E 2 may proceed via functional receptor. Nevertheless, the 48 h required for induction of significant levels may partially explain the dosing requirements in the following experiments (see below). Immunofluorescent analysis of 48-h E 2 -pretreated HUVEC using an anti-ER mAb demonstrated intense nuclear and variable cytoplasmic staining consistent with the described predominant location of the receptor (not shown).
To evaluate the effect of E 2 on cytokine-mediated endothelial CAM induction, EC were grown in phenol red-and gonadal hormone-free medium, and induced with IL-1 20 U/ml after a 48-h pretreatment with E 2 . Fig. 2 delineates the membrane expression of ICAM-1( A ) and E-selectin ( B and C ), demonstrated by FACS ® analysis. E 2 completely abrogates the IL-1-mediated EC ICAM-1 hyperinduction (Fig. 2 A ) , and greatly inhibits E-selectin induction (Fig. 2 B ) . To address whether the observed inhibition was due to a nonspecific steroid effect, ECs were pretreated with 17 ␣ -estradiol, which neither binds to nor activates ERs, instead of 17 ␤ -estradiol. Fig. 2 C demonstrates that, at an identical dose, 17 ␣ -estradiol had no effect on E-selectin induction, supporting a level of specificity for 17 ␤ -estradiol, presumably mediated via ERs. Furthermore, 17 ␤ -estradiol had no effect on IFN-␥ -mediated EC class II HLA (HLA-DR) induction (not shown). Thus, E 2 does not inhibit all cytokine-mediated EC activation (transcriptional) events.
Results displayed in Fig. 2 were obtained with "high dose" E 2 , i.e., 1,000 ng/ml. Using this culture system of EC propagation in E 2 -free medium and one time E 2 dosing ϫ 48 h, an inhibitory dose response trend was observed, down to 50 ng/ml (Fig. 3 A ) . As demonstrated in Fig. 1 , significant levels of ER mRNA were only detected after 48 h of E 2 treatment. Furthermore, it is possible that E 2 is unstable in our experimental system and/or only fractionally available for cellular uptake, requiring high concentrations for maximal inhibitory effect at 48 h. Instead of a single E 2 dose for 48 h in E 2 -depleted cells, parallel experiments were performed in which cells were propagated in Figure 2 . Flow cytometric analysis of E 2 effects on IL-1-mediated endothelial CAM induction. HUVEC were propagated in E 2 -free medium and treated for 48 h with medium (vehicle), single dose E 2 1,000 ng/ml (␤-E 2 ), or ␣-estradiol 1,000 ng/ml (␣-E 2 ), followed by a 4-h activation with IL-1 20 U/ml. Curves represent conditions as noted in each panel. A represents ICAM-1 membrane expression. B and C represent E-selectin expression. 5,000 events were analyzed per sample. Figure 3 . Dose response of E 2 inhibitory effects on IL-1-mediated endothelial E-selectin induction. HUVEC were propagated in E 2 -free medium and pretreated with a single dose of the indicated concentrations of E 2 for 48 h before activation (A), or propagated in 15% FBS-containing medium (final [E 2 ] 5 g/ml), switched to E 2 -free medium for 24 h, followed by treatments with the indicated concentrations of E 2 every 4 h ϫ 48 h (medium plus E 2 was replaced every 4 h) before activation (B). During the last 4 h of E 2 treatment, cells were treated with IL-1 20 U/ml and subsequently analyzed for membrane E-selectin expression by flow cytometry, with 5,000 events analyzed per sample. Data are displayed as percent inhibition of IL-1-induced E-selectin membrane expression at the various E 2 concentrations, calculated as described in Methods.
phenol red-free DME/15% FBS (final E 2 concentration 5 g/ ml), switched to E 2 -free medium for 24 h, followed by repeated treatments with medium(vehicle) or E 2 every 4 h ϫ 48 h. Fig. 3 B displays a representative E 2 dose response curve with such a protocol and demonstrates a 70% reduction in IL-1-induced E-selectin membrane expression by E 2 20 ng/ml. Simultaneous treatment with E 2 and the E 2 antagonist ICI 168,384 resulted in the expected abrogation (up to 90%) of E 2 's inhibitory effects (not shown). Thus, cells grown in the presence of some E 2 and repeatedly dosed over 48 h are equally sensitive to the inhibitory effects of 100-fold less E 2 than cells grown as in Fig. 3 A. These lower concentrations are similar to those used ‫ف(‬ 10 Ϫ8 M) in many estradiol studies (25, 26) . These CAM induction inhibitory effects were confirmed at the functional level in phorbol ester-activated PBMC-EC adhesion assays. HUVEC pretreatment with E 2 2 g/ml resulted in a 60% reduction of the augmented adhesion induced by 16 h of IL-1 exposure (Fig. 4) . 16-h IL-1 activation results in hyperinduction of ICAM-1 and induction of VCAM-1 membrane expression. Although these functional inhibitory effects of E 2 could result from alternative, unexplored mechanisms, the dose response demonstrated in Fig. 4 parallels the inhibitory dose response for membrane CAM induction (Fig. 3 A) .
IL-1 promotes E-selectin gene activation and hyperinduces endothelial ICAM-1 transcription. To address whether E 2 affects induced mRNA levels, Northern blot analyses were performed on mRNA harvested from EC with (Fig. 5 A, lanes 2  and 4) or without ( Fig. 5 A, lanes 1 and 3) 48-h E 2 pretreatment, hybridized with E-selectin and GAPDH probes. As expected, there is no basal E-selectin mRNA (Fig. 5 A, lane 1) . E-selectin transcript levels induced by IL-1 (20 U/ml ϫ 2 h, Fig. 5 A, lane 3) were significantly reduced by E 2 pretreatment (Fig. 5 A, lane 4) . When densitometrically normalized for GAPDH levels, this represents a 64% decrease. E 2 treatment had no effect on GAPDH transcript levels, demonstrating that its effect is not the result of general transcriptional inhibition. This is consistent with the absence of E 2 effect on basal EC ICAM-1 (Fig. 2 A) or class I HLA (not shown) levels, or the induction of HLA-DR, as noted above. The histogram displayed in Fig. 5 B represents the densitometric analysis of a similar (separate) Northern analysis, in which E 2 treatment resulted in a 65% reduction of IL-1-induced E-selectin mRNA levels. Simultaneous use of the E 2 antagonist ICI 164,384, which alters E 2 interaction with the ER (27) , abrogates E 2 's in- Cr-labeled PBMCs (preactivated with PMA 50 nM ϫ 30 min at 37ЊC) were added per well, and adhesion assays were performed as described in Methods. IL-1 treatment (no E 2 ) resulted in a 150% increase in binding. Data are represented at each E 2 concentration as percent inhibition of IL-1-mediated adhesion, i.e., the 150% augmentation noted above. Samples were performed in quadruplicate. This experiment represents meansϮSE for three separate experiments. Figure 5 . Northern blot analysis of E 2 effects on EC E-selectin induction. (A) HUVEC were propagated in E 2 -free medium and treated for 48 h with fresh medium (containing vehicle) (lanes 1 and 3) or E 2 1 g/ml (lanes 2 and 4), before a 2-h activation with IL-1 20 U/ml (lanes 3 and 4) or no cytokine (lanes 1 and 2) . 20 g total RNA was hybridized per sample. GAPDH mRNA levels were used as internal controls. When densitometrically analyzed, lane 4 signal (E 2 ϩ IL-1) represents a 64% decrease from lane 3 signal (IL-1). (B) Separate experiment with identical conditions as in A, with the addition of ICI 164,384 (E 2 antagonist) in one of the experimental samples, as noted. Histograms represent phosphorimage-analyzed, GAPDH-normalized, percent of IL-1-induced E-selectin mRNA levels by Northern blot. E 2 treatment results in a 65% decrease in IL-1-induced steady state E-selectin mRNA levels. The inhibition is largely abrogated by ICI 164,384. This experiment represents meansϮSE for three separate experiments.
hibitory effect, suggesting that its specific receptor is involved. E 2 pretreatment also partially abrogated the IL-1-mediated increase in monocyte chemoattractant protein-1 mRNA levels (data not shown), suggesting that estrogen affects a spectrum of inflammatory responses in EC, not limited to CAM expression, and also potentially antiatherogenic (28, 29) .
To evaluate whether the E 2 effect on cytokine-induced mRNA levels is transcriptional or posttranscriptional, nuclear run-offs were performed with nuclei harvested from medium or E 2 -treated IL-1-induced EC. Fig. 6 demonstrates the background-subtracted, actin transcript-normalized densitometric data for E-selectin, ICAM-1, and VCAM-1 nuclear transcripts which closely parallel the findings at the membrane protein (Fig. 2) and mRNA (Fig. 5 ) levels. That is, E 2 pretreatment promotes 74, 83, and 60% reductions in E-selectin, ICAM-1, and VCAM-1 induced nuclear transcription, respectively.
Discussion
The assessment of hormone responses in vitro is complicated by incomplete definition of critical culture conditions. In this study, gonadal hormone and phenol red-free medium was used to exclude any basal estrogen effect and artifactual ER binding, respectively. In fact, absolute estrogen "deprivation" led to ER mRNA levels undetectable by Northern analysis. ER message is apparently E 2 -inducible, although the kinetics are relatively slow (48 h ). This is consistent with prior reports of murine uterine ER mRNA induction coincident with proestrus, when E 2 levels are highest (30) . Despite the variable difficulty in vascular ER demonstration in vivo, these human EC have ER mRNA (and protein) levels equal to a highly E 2 -responsive cell line at the time all assays were performed in this study.
We demonstrate that E 2 markedly inhibits IL-1-mediated endothelial CAM transcription, also reflected in reduced membrane protein expression and IL-1-induced leukocyte adhesion. The specificity of E 2 's effect is evident in that transcription is not generally inhibited, 17␣-estradiol at equimolar concentrations was ineffective, and the estrogen antagonist ICI 164,384 efficiently abrogates the inhibition. The antagonist efficacy indicates that E 2 's inhibitory effect(s) is mediated, at least in part, via the endothelial ER.
Interactions between ligand-activated steroid hormone receptors and specific genomic sequences are well described (13) and are believed to be the dominant mechanism whereby this class of hormones exerts its molecular effects. ERs preferentially bind to a 13-bp palindromic DNA sequence, the estrogen response element (ERE). This element can be sufficient to enhance transcription, as can "imperfect" or half-EREs, which can be located a great distance from the transcription start site (31) . Although traditionally thought to be enhancing, there are accumulating reports of estradiol negatively affecting transcription (32). As does ours, these reports speculate about ERE interactions. The negative effect of E 2 on IL-1-mediated IL-6 gene activation has recently been studied (32). Although inhibition involved the ER, high-affinity ER binding to the IL-6 promoter could not be demonstrated (32), nor does recombinant ER bind to the critically involved 225-bp promoter fragment in gel mobility shift assays (32). Overexpression of the NF-B subunit p65 or, to a lesser extent, NF-IL-6, overcomes E 2 's inhibitory effect (32). These results suggest that E 2 -activated ER interacts with critical transacting factors, perhaps to form an inactive intermolecular complex. Several Figure 6 . E 2 effects on endothelial CAM gene expression by nuclear run-off transcription. HUVEC were propagated in E 2 -free medium and treated for 48 h with fresh medium (vehicle only) or E 2 1 g/ml before a 1.5-h activation with IL-1 20 U/ml or no cytokine, after which 2 ϫ 10 7 nuclei per sample were harvested and radiolabeled RNA was used to probe slot blots containing E-selectin, ICAM-1, VCAM-1, ␥-actin, or Bluescript DNA. Histograms represent background (e.g., basal ICAM-1 signal)-subtracted, actin transcript-normalized densitometric analysis, comparing IL-1-induced nuclear transcripts in the absence or presence of E 2 .
other examples of ER interactions with ubiquitous transcription factors exist, including AP-1 (33) and SP1 (34) . B-like proteins induced by E 2 in rat uterus have been reported (14) . Although a single trend has not been demonstrated, it is likely that tissue, cell-type, and gene specificities exist which determine whether such induced interactions exert positive or negative regulatory effects.
There is minimal information regarding hormonal regulation of CAM expression. Via the glucocorticoid receptor, dexamethasone has been shown to reduce IL-1-induced E-selectin mRNA levels (35) . Similarly, a recent report demonstrated reduced VCAM-1 mRNA and membrane protein levels in E 2 -pretreated, IL-1-activated cells (36) . These studies are consistent with our current findings. Another report described an enhancement in TNF-mediated endothelial CAM induction by estradiol (37). Although apparently opposite to our results, there were several important differences in that study. The EC culture conditions were different, potentially critical in these hormone studies. This includes the use of charcoal-stripped calf serum, rather than GHS used in our study. Steroid hormone removal by stripping can be incomplete and/or can remove other serum components which may be important for EC metabolic processes. Also, in the prior study, E 2 pretreatment was not done. In the E 2 -treated experimental samples, E 2 and cytokine were added simultaneously at time 0. TNF was used and the observed enhancement was specifically dependent upon EC plating on laminan, whereas IL-1 and collagen, respectively, were used in our study. Although other steroid hormones were used as specificity controls in the prior study, ER specificity was not addressed, as in the current study. Finally, the observed estradiol enhancement was marginal by FACS ® and Northern analyses at 4 h, and E 2 actually appeared inhibitory at 6 h. E-selectin, ICAM-1, and VCAM-1 5'-regulatory regions contain both distinct and common elements (38-42). All three promoters contain at least one B site, which is required for cytokine-mediated gene activation. The aforementioned studies involving the IL-6 promoter are consistent with the notion that ER complexes interact with components of the NF-B signaling pathway, negatively affecting transcription (32). E 2 could modulate human endothelial NF-B nuclear translocation, DNA binding, or transactivation, thereby affecting transcription of all three aforementioned genes. E 2 has antioxidant activity and has been shown to inhibit low-density lipoprotein oxidation in vivo (43) and in vitro (44) . This is postulated to be one of estrogen's important cardioprotective effects. Furthermore, antioxidants partially inhibit cytokine-mediated E-selectin and VCAM-1 gene activation, and diminish induced NF-B binding activity on gel mobility shift assays (45) . Although we cannot exclude a component of antioxidation, prior in vitro studies have demonstrated that 17␣-estradiol is an effective antioxidant (46) . Furthermore, this E 2 effect is thought to be ER independent. As demonstrated here, 17␣-estradiol does not inhibit adhesion molecule expression. The profound abrogation of E 2 's inhibitory effect by the receptor antagonist ICI 164,384 indicates that the ER is involved, and that this inhibition is not mediated predominantly via an antioxidant pathway.
Natural and synthetic estrogens reduce the development of atherosclerosis in animal models (47) (48) (49) (50) , and play a cardiovascular protective role in women. Our studies demonstrate that estradiol inhibits cytokine-mediated endothelial activation at the transcriptional level in vitro. Future work will address whether this negative effect of E 2 is direct, via ER-CAM gene promoter interactions, or indirect, via "adsorption" and/or transcriptional modulation of critically involved transacting factors.
